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Human immunodeficiency virus (HIV) infection is often accompanied by infection with other pathogens that
affect the clinical course of HIV disease. Here, we identified another virus, human herpesvirus 7 (HHV-7) that
interferes with HIV type 1 (HIV-1) replication in human lymphoid tissue, where critical events of HIV disease
occur. Like the closely related HHV-6, HHV-7 suppresses the replication of CCR5-tropic (R5) HIV-1 in
coinfected blocks of human lymphoid tissue. Unlike HHV-6, which affects HIV-1 by upregulating RANTES,
HHV-7 did not upregulate any CCR5-binding chemokine. Rather, the inhibition of R5 HIV-1 by HHV-7 was
associated with a marked downregulation of CD4, the cellular receptor shared by HHV-7 and HIV-1. HHV-
7-induced CD4 downregulation was sufficient for HIV-1 inhibition, since comparable downregulation of CD4
with cyclotriazadisulfonamide, a synthetic macrocycle that specifically modulates expression of CD4, resulted
in the suppression of HIV infection similar to that seen in HHV-7-infected tissues. In contrast to R5 HIV-1,
CXCR4-tropic (X4) HIV-1 was only minimally suppressed by HHV-7 coinfection. This selectivity in suppres-
sion of R5 and X4 HIV-1 is explained by a suppression of HHV-7 replication in X4- but not in R5-coinfected
tissues. These results suggest that HIV-1 and HHV-7 may interfere in lymphoid tissue in vivo, thus potentially
affecting the progression of HIV-1 disease. Knowledge of the mechanisms of interaction of HIV-1 with HHV-7,
as well as with other pathogens that modulate HIV-1 replication, may provide new insights into HIV patho-
genesis and lead to the development of new anti-HIV therapeutic strategies.

Human herpesvirus 7 (HHV-7) is a member of the Beta-
herpesvirinae subfamily and, with HHV-6, is classified in the
Roseolovirus genus (1, 2). HHV-7 was initially isolated from
CD4� T cells of a healthy individual (7), and CD4 is a critical
component of its cellular entry receptor (19). Similar to
HHV-6, primary HHV-7 infection occurs in early childhood
with very high prevalence and is occasionally associated with
roseola infantum. Thus far, HHV-7 has not been directly
linked to any disease in immunocompetent adults, and it is
considered a low-morbidity virus (23). However, like other
members of the Herpesviridae family, HHV-7 may act as an
opportunistic agent in immunocompromised individuals (18).
In particular, postmortem studies of the lymph nodes from
AIDS patients supports the hypothesis of an extensive HHV-7
reactivation from latency during the course of HIV-1 infection
(17) although, in the peripheral blood of these patients the
detection of HHV-7 is infrequent, most likely as a consequence
of the reduced number of target CD4� T cells (3, 4, 6).

To understand the complex interactions of HHV-7 and
HIV-1 in coinfected individuals, we investigated here the in-
teractions of HHV-7 with HIV-1 in the context of human
lymphoid tissue ex vivo where critical events of viral pathogen-
esis occur in vivo. In this system which supports productive
viral infection without exogenous activation (8), we found that,
like HHV-6, HHV-7 suppresses the replication of CCR5-
tropic (R5) HIV-1 but only mildly inhibits the replication
of CXCR4-tropic (X4) HIV-1. However, we found that the
molecular mechanisms of these phenomena are different:
whereas HHV-6 affects HIV-1 by upregulating RANTES (12),
HHV-7-induced HIV-1 suppression is mediated by downregu-
lation of CD4, the cellular receptor shared by HHV-7 and
HIV-1.

MATERIALS AND METHODS

Human tonsillar tissue culture. Tonsils obtained in routine tonsillectomy
performed at the Children’s Hospital NMC (Washington, DC) were received
under an Institutional Review Board-approved protocol within a few hours after
surgery. Tonsils were dissected in blocks of approximately 2 mm and placed on
top of collagen sponge gels floating in six-well plates as described earlier (8). The
culture medium was changed every 3 days.

Viral stocks. HHV-7, strain AL (21), was expanded in primary human cord
blood mononuclear cells. The culture supernatants were clarified by centrifuga-
tion, and the viral stocks were characterized for infectivity and frozen at �80°C
until use. The R5 HIV-1 variant SF162 and X4 variant LAI.04 viral stocks were
obtained from the Rush University Virology Quality Assurance Laboratory (Chi-
cago, IL). The 50% tissue culture infectious dose was 2.59 � 105 IU/ml for both
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the R5 SF162 and X4 LAI.04 viral stock as determined in peripheral blood
mononuclear cell cultures.

HIV and HHV-7 infection. Tissue blocks were infected simultaneously with
HHV-7 or HIV-1 (LAI.04 or SF162) as described elsewhere (8). Specifically, 5 �l
of clarified virus-containing medium were placed on top of each of 27 blocks for
each experimental condition obtained from the tonsil tissue of one donor. Ex-
periments were repeated with tissues of n donors, where n is specified throughout
the text below. In the case of HIV, each block was inoculated with approximately
0.5 ng of p24. For HHV-7 infection, each tissue block was inoculated with
approximately 2 � 106 genome equivalents. We assessed productive HIV-1
infection by measuring p24 concentration in culture medium during the 3 days
between successive medium changes using an enzyme-linked immunosorbent
assay (ELISA) commercial kit (Perkin-Elmer, Boston, MA). We assessed
HHV-7 infection by real-time PCR as described below.

Quantification of HHV-7 DNA by calibrated real-time PCR. HHV-7 viral load
was determined by measurement of the number of viral genome equivalents
present in the tissue culture medium. The DNA was purified with the QIAamp
kit (QIAGEN GmbH, Hilden, Germany) according to the manufacturer’s in-
structions. Quantification was performed by a quantitative calibrated real-time
PCR TaqMan assay on an ABI Prism 7000 sequence detector (PE Applied
Biosystems, Foster City, CA). The specific primer set used to detect HHV-7 was
as follows: HHV-7 forward, 5�-AGCGGTACCTGTAAAATCATCCA-3�; and
HHV-7 reverse, 5�-AACAGAAACGCCACCTCGAT-3�. The probe 5�-ACCA
GTGAGAACATCGCTCTAACTGGATCA-3� was covalently linked at the 5�
end to the reporter dye 6-carboxyfluorescein and at the 3� end to the quencher
dye 6-carboxy-tetramethyl-rhodamine. The reaction mixture contained TaqMan
PCR master mix, 300 nM concentrations of each primer, and 5 �l of DNA
template. After activation of the AmpliTaq Gold for 10 min at 95°C, 40 cycles of
15 s at 95°C and 1 min at 60°C were carried out. We obtained a reference
standard curve using serially diluted plasmids containing the target genes and
normalized the results using a synthetic DNA calibrator molecule (106 copies per
sample) added to the samples before the extraction step, allowing us to control
for intersample extraction efficiency and to monitor PCR artifacts (5). The
primers and the calibrator probe were not cross-reactive with the HHV-7 se-
quences.

Flow cytometry. Flow cytometry analysis was performed on single-cell suspen-
sions (cells were mechanically isolated from control and ex vivo-infected blocks
of human lymphoid tissue 12 days postinfection). Lymphocytes were identified
according to their light-scattering properties and then analyzed for the expres-
sion of lymphocyte-specific markers. The cells were washed three times and
initially stained with a combination of the following monoclonal antibodies
(MAbs; all from Caltag Laboratories, Burlingame, CA, unless specified other-
wise): anti-CD3-Cy7-PE, anti-CD4-Cy5.5-PE, anti-CD8-Tricolor, anti-CCR5-
APC-Cy7, and anti-CXCR4-APC (the latter two MAb are from BD Pharmingen,
San Diego, CA). Prior to cell surface staining, counting beads (Caltag) were
added to each tube to quantify cell depletion. Values were normalized for the
total tissue weight at day 12 for tissue blocks from each donor. In several
experiments CD8� T cells were used as a normalization basis since the numbers
of these cells were not changed by HIV-1 (13) or HHV-7 (see results) in ex vivo
infected human lymphoid tissue. To identify cells productively infected with
HHV-7 or HIV-1, we permeabilized the cells with Fix&Perm reagent (Caltag)
and stained them with anti-HHV-7 tegumental protein pp85 (Advanced Bio-
thecnology, Inc., Columbia, MD, and also kindly provided by Gabriella Cam-
padelli-Fiume) directly coupled in our laboratory with Alexa 488 (Molecular
Probes, Carlsbad, CA) or with anti-p24 KC57-RD1 (Beckman Coulter, Inc.,
Fullerton, CA), respectively. Infection of non-naive versus naive cells was deter-
mined as described above, with the antibody combination of CD3 Cy7-PE, CD4
Cy5.5-PE, CD8 PE, CD45RO-APC, CD45RA-TriColor, CD62L-Cy7-APC, and
anti-HHV-7 pp85-Alexa 488 for intracellular staining. The data were acquired
with a LSRII flow cytometer (BD Biosciences, San Jose, CA) using 532, 488, and
638 laser lines and Diva 4.12 software. The data were analyzed with the
FLOWJO software (Tree Star, San Carlos, CA).

Downregulation of CD4 was evaluated by the downshift of fluorescence in-
tensity of cells stained for CD4, relative to matched uninfected tissues. First, we
determined the median of the distribution of this fluorescence in control unin-
fected samples. By definition, the numbers of cells with a fluorescence intensity
above and below this median are equal and their ratio is equal to 1. Upon
downregulation of CD4, the number of cells with a fluorescence intensity below
the median value in the untreated control increased, and the number of cells with
fluorescence intensity above this value decreased. The change in the ratio of cell
numbers (percent) in these two subsets was used as a measure of CD4 down-
regulation (DCD4). Thus, DCD4 � (1 � Flhinf/Fllinf) � 100, where Fllinf and Flhinf

are the numbers of cells in infected tissues with fluorescence below and above,
respectively, the median in the matched control.

Chemokine production. The levels of interleukin-1� (IL-1�), IL-1�, IL-2,
IL-4, IL-6, IL-7, IL-8, IL-12, IL-15, IL-16, macrophage inflammatory protein 1�
(MIP-1�), MIP-1�, RANTES, MIG, granulocyte-macrophage colony-stimulat-
ing factor, IP-10, gamma interferon, tumor necrosis factor alpha, and SDF-1�
were evaluated by using a multiplex bead array assay performed on a Bioplex
(Luminex; Bio-Rad). All of the antibodies and cytokine standards were pur-
chased as antibody pairs from R&D Systems (Minneapolis, MN). Individual
Luminex bead sets were coupled to cytokine-specific capture antibodies accord-
ing to the manufacturer’s recommendations. Conjugated beads were washed and
are kept at 4°C until used. Biotinylated polyclonal antibodies were used at twice
the concentrations recommended for a classical ELISA procedure. All of the
assay procedures were performed in assay buffer made of phosphate-buffered
saline (PBS) supplemented with 1% normal mouse serum, 1% normal goat
serum, and 20 mM Tris-HCl (pH 7.4). The assays were run with 1,200 beads per
set per well in a total volume of 50 �l. A total of 50 �l of each sample was added
to the well, followed by incubation overnight at 4°C in a Millipore multiscreen
plate. The liquid was then aspirated by using a Millipore vacuum manifold, and
the plates were washed three times with 200 �l of assay buffer. The beads were
then resuspended in 50 �l of solution containing biotinylated polyclonal anti-
bodies for 1 h at room temperature. The plates were washed three times with
PBS, the beads were resuspended in 50 �l of assay buffer, and 50 �l per well of
a 16-�g/ml solution of streptavidin-PE (Molecular Probes, Eugene, OR) was
added for 15 min, the plates were washed with PBS, and 150 �l of assay buffer
was added to each well prior to reading in Bioplex. For each bead set, a minimum
of 61 beads were collected.

In addition, semiquantitative evaluation of the production of 120 cytokines
and chemokines was performed by using a protein array. Briefly, supernatants
from HHV-7-infected tissue and matched uninfected control were incubated on
arrayed antibody supports from RayBio human cytokine antibody array C series
1000 (RayBiotech, Inc., Atlanta, GA). After incubation with biotinylated anti-
bodies and subsequently with horseradish peroxidase-conjugated streptavidin the
signals were detected by using the chemiluminescence imaging system Flu-
orchem 9000 (Alpha Innotech Corp., San Leandro, CA).

CADA treatment. Cyclotriazadisulfonamide (CADA) was resuspended in di-
methyl sulfoxide at a concentration of 10 mg/ml; added to the tissue-bathing
medium at concentrations of 0.25, 0.5, 1, 2, 4, or 8 �M; and left overnight prior
to HIV-1 infection. The medium was changed every 3 days, and the drug was
added with every medium change.

Statistical analysis. Data obtained with tissue from one donor constituted the
results of one experiment. To compare results obtained in different experiments,
we normalized the data: for each experiment, we compared infected and control
tissues obtained from an individual donor in replicates of 27 tissue blocks for
each datum point and expressed the data as the percentage of controls. Statistical
analysis performed on thus-normalized results included the calculation of the
mean, the standard error of the mean (SEM), and P values by use of a two-way
analysis of variance test or a paired Student t test. The significance level was set
as P � 5 � 10�2, and the actual P values are indicated for each set of experi-
ments. Statistical analysis of p24 ELISA data was performed with Deltasoft
software (version 3.0; BioMetallics, Princeton, NJ), which combined data from
three dilutions and calculated the interpolated weighed p24 concentration and
the SEM. For chemokine detection with the Luminex platform, we performed
data analysis of the median of the fluorescence intensity recorded for 61 beads of
each bead set for the assays by using Bioplex Manager software (version 4.0;
Bio-Rad), with a five-parameter regression algorithm.

RESULTS

Productive HHV-7 infection in human tonsillar tissue. Hu-
man tonsillar tissue blocks were inoculated with HHV-7 AL
strain by application of 5 �l of viral suspension (	2 � 106

genome equivalents) onto each block. A productive infection
was documented by measurement of the kinetics of accumu-
lation of viral genomes in culture medium bathing 27 tonsillar
blocks from each of nine donors using calibrated real-time
PCR assay (Fig. 1A). Infection became evident at day 6 post-
inoculation and continued during the entire course of the ex-
periment up to day 12. At day 12 postinfection, the average
concentration of HHV-7 DNA in culture supernatant was
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(1.4 
 0.4) � 108 genome equivalents per ml. Over this period,
each block of tissue produced, on average, (6.6 
 0.2) � 107

viral genome equivalents.
We also estimated infection by expression of a viral struc-

tural protein, the tegument phosphoprotein pp85, as evaluated
by flow cytometry of cells mechanically isolated from infected
tissue blocks and stained with anti-pp85 MAb in combination
with various antibodies used for cell immunophenotyping. On
average at day 12 postinoculation the fraction of HHV-7-pos-
itive cells among T (CD3�) lymphocytes was 20.8% 
 3.1%
(n � 10), whereas the fraction of viral-antigen-positive cells
among CD3� cells was 1.8% 
 0.4% (n � 10) (Fig. 1B). Thus,
both real-time PCR and flow cytometry demonstrated produc-
tive HHV-7 infection in ex vivo-inoculated human lymphoid
tissue. Since HHV-7 and HIV-1 (9) productively infect human
lymphoid tissue ex vivo, it was possible to address the question
of their interactions in this system.

HHV-7 differently affects the replication of R5 and X4 HIV-1
variants in coinfected lymphoid tissue. To study the interac-
tions between HHV-7 and HIV-1, we coinfected tissue blocks

with HHV-7 and one of two biologically different HIV-1 vari-
ants: a prototypic X4 variant, LAI.04, and a prototypic R5
variant, SF162. We compared the replication of each of these
viruses in coinfected tissue blocks with its replication in
matched singly infected tissues (Fig. 2). As shown earlier (8),
both X4 and R5 HIV-1 variants readily replicate in ex vivo-
infected tissues (Fig. 2A and B). Replication became evident at
day 6 postinoculation and increased thereafter to reach levels
that varied among different donors between 1 and 160 ng of
p24 per ml of culture medium. Despite this variability, within
tissue from an individual donor X4LAI.04 and R5SF162 HIV-1
variants replicated approximately to the same level: the cumu-
lative production of p24 in culture medium was, on average,

FIG. 1. Replication of HHV-7 in human lymphoid tissue ex vivo.
Tissue blocks (27 from each donor) were inoculated with HHV-7. The
culture medium was changed every 3 days, and HHV-7 replication was
measured by real-time PCR (A) or flow cytometry (B). (A) Kinetics of
HHV-7 replication. Shown is the HHV-7 genome accumulation in
culture medium during 3 days between medium changes. Each datum
point is the mean 
 the SEM for experiments with tissues from nine
donors. (B) Bivariate density plots of lymphocytes stained for CD3 and
HHV-7 pp85. Lymphocytes were isolated after 12 days in culture from
HHV-7-infected (right panel) and matched uninfected tissue (left
panel). A sample representative of experiments with tissues from 10
donors is displayed.

FIG. 2. R5SF162 and X4LAI.04 replication in HHV-7-coinfected hu-
man lymphoid tissues. Sets of matched tissue blocks (27 blocks for each
experimental condition from each donor) were infected with one of the
HIV-1 variants alone or together with HHV-7. HIV replication was
evaluated by measurement of the p24 in culture medium. (A and B)
Average kinetics of X4LAI.04 (A) and R5SF162 (B) replication in singly
HIV-infected and HHV-7-coinfected tissues (mean 
 the SEM, n �
8). The data are expressed as the percentage of the maximum p24
value in singly HIV-infected tissues to account for the variation in
absolute replication levels in tissues from different donors. (C) Total
production of R5SF162 and X4LAI.04 in HHV-7-coinfected tissues. Pre-
sented are the means 
 the SEM for the total HIV-1 production over
12 days postinoculation for tissues from eight donors expressed as a
percentage of the total HIV-1 production in matched singly infected
tissues. An asterisk denotes a significant difference (P � 5 � 10�2).
(D) Correlation between HHV-7 replication and HIV-1 inhibition in
coinfected tissues. The data for HHV-7 replication are expressed as a
log percentage of the maximum for each tissue; R5SF162 HIV-1 inhi-
bition is expressed as a percentage of the decrease in p24 relative to
p24 production in matched singly HIV-infected tissue. The datum
points from experiments with tissues from eight donors (days 6, 9, and
12 postinoculation) are plotted.
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63.4 
 22.4 ng and 33.5 
 9.8 ng for R5SF162 and X4LAI.04,
respectively (P � 1.8 � 10�1, n � 8). As shown in Fig. 2,
coinfection with HHV-7 differentially affected the replication
of R5 and X4 HIV-1 variants. Replication of the R5 strain
HIV-1SF162 was consistently suppressed by, on average, 71.9 

6.1% (P � 2 � 10�2, n � 8) relative to that in matched tissues
infected by HIV-1SF162 alone (Fig. 2C). This inhibition typi-
cally became evident between days 6 and 9 and reached its
maximum level at day 12 postinfection, coinciding with HHV-7
highest level of replication (Fig. 2B). Consistent with the sup-
pression of HIV-1 replication revealed by p24 measurements,
there was a decrease in the average frequency of HIV-1-pro-
ductively infected (p24�) T cells determined by flow cytometry
from 1.5 
 0.4% in tissues infected with HIV-1SF162 alone to
0.63 
 0.4 in matched tissues coinfected with HHV-7 (P � 5 �
10�3, n � 4).

In contrast, the replication of X4 HIV-1LAI.04 was only mar-
ginally inhibited (by 31.4% 
 12.2% relative to matched tissues
infected with HIV-1LAI.04 alone; P � 6 � 10�2, n � 8) (Fig.
2C). Accordingly, the average frequency of p24� T cells, as
detected by flow cytometry, in HHV-7 coinfected tissues was
not different from that in singly HIV-1LAI.04-infected tissue
(5.1% 
 2.5% and 5.1% 
 2.5%, P � 6.8 � 10�1, n � 4).
However, when we inoculated HIV-1 in one tissue 3 days later
than HHV-7, the replication of HIV-1 LAI.04 was suppressed by
56.6% compared to singly HIV-1-infected tissue, whereas in
the matched tissue coinfected simultaneously, HIV-1LAI.04

replication was suppressed by 31.6%.
HHV-7 replication is differentially affected by coinfection

with R5 and X4 HIV-1 variants. To interpret the differential
effects of HHV-7 on R5 and X4 HIV-1 strains, we evaluated
the level of HHV-7 replication in tissues coinfected with
R5SF162 or X4LAV.04 using a calibrated real-time PCR assay. In
tissues coinfected with R5 HIV-1, the level of HHV-7 replica-
tion was not statistically different from that in tissues infected
by HHV-7 alone (replication at day 12 postinoculation com-
pared to singly HHV-7-infected tissues was 109.0% 
 19.0%;
P � 4.9 � 10�1, n � 8) (Fig. 3). In contrast, the replication of
HHV-7 was significantly suppressed in tissues coinfected with
the X4 HIV-1 variant (relative replication at day 12 postinocu-
lation of 42.2% 
 16.8%; P � 4 � 10�2, n � 8). In the tissue
in which HHV-7 was inoculated 3 days prior to X4 HIV-1
LAI.04 it replicated similarly to singly HHV-7-infected tissue
until day 9 and then was inhibited, although it still replicated
4.7 times more efficiently than in matched tissue infected with
both viruses simultaneously.

Consistent with the suppression of HHV-7 replication re-
vealed by real-time PCR, flow cytometry showed a significant
reduction in the number of cells productively infected with
HHV-7 in tissues coinfected with X4 HIV-1 (the average frac-
tion of HHV-7-positive cells at day 12 postinfection was re-
duced by 66.6% 
 14.1% relative to that in matched tissues
singly infected with HHV-7; P � 9 � 10�3, n � 5). In contrast,
the fraction of cells productively infected with HHV-7 in tis-
sues coinfected with R5 HIV-1 was not significantly reduced
(by 35.0% 
 15.7% relative to matched tissues singly infected
with HHV-7; P � 9 � 10�2, n � 5).

Lack of upregulation of CC chemokines in HHV-7-infected
lymphoid tissues. Since interaction of HIV-1 with several mi-
crobes, including HHV-6, was shown to be mediated by upregu-

lation of CC chemokines (11, 12, 24), we compared cytokine
profiles in uninfected and HHV-7-infected human lymphoid tis-
sues ex vivo. We measured the release of RANTES, MIP-1�, and
MIP-1�, as well as of 16 additional cytokines (IL-1�, IL-1�, IL-2,
IL-4, IL-6, IL-7, IL-8, IL-12, IL-15, IL-16, MIG, granulocyte-
macrophage colony-stimulating factor, IP-10, SDF-1�, tumor
necrosis factor alpha, and gamma interferon) by uninfected
tissues, singly infected tissues, and tissues coinfected with
HHV-7 and either R5 or X4 HIV-1 between days 3 and 12
postinfection. For these tissues we compared the total produc-
tion throughout the culture, as well as at each time interval. No
significant change of the cytokine/chemokine profile was ob-
served in HHV-7-infected tissues compared to matched unin-
fected controls or in tissues coinfected with HHV-7 and either

FIG. 3. HHV-7 replication in human lymphoid tissues coinfected
with R5SF162 or X4LAI.04. Sets of matched tissue blocks (27 blocks for
each experimental condition from each donor) were infected with
HHV-7 alone or together with one of the HIV-1 variants. HHV-7
replication was evaluated by measuring the number of HHV-7 genome
equivalents accumulated in the culture medium. (A) Typical (n � 8)
kinetics of HHV-7 replication in singly infected and HIV coinfected
tissues. Shown are the means 
 the SEM of the accumulation of
HHV-7 genomes in culture medium during 3 days between medium
changes. (B) Relative replication of HHV-7 in tissues coinfected with
R5SF162 and X4LAI.04 Presented are the means 
 the SEM of the
production of HHV-7 genomes in culture medium over 12 days post-
inoculation for tissues from eight donors expressed as a percentage of
the HHV-7 genome production in matched singly infected tissues. An
asterisk denotes a significant difference (P � 5 � 10�2).
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R5 or X4 HIV-1 compared to those infected with HIV-1 only
(P � 1.4 � 10�1, n � 9). Total IL-16 production was slightly
decreased in HHV-7-infected tissues: by 10.5% 
 0.5% in
singly HHV-7-infected tissues relative to matched uninfected
controls and by 8.4% 
 0.7% in the case of HHV-7–R5 HIV-1
coinfection relative to matched tissues infected by R5 HIV-1
only. The entire decrease in IL-16 production in singly HHV-
7-infected or R5 HIV-1 coinfected tissues occurred between
days 6 and 9 (23.7% 
 9% and 13% 
 4%, respectively, P�
4 � 10�2, n � 9) and, in contrast to the drop in the total IL-16
production, was statistically significant. In X4 HIV-1-coin-
fected tissue the production of IL-16 did not change.

As shown earlier (16), R5 HIV-1 infection ex vivo did not
change the cytokine profile in human lymphoid tissue, whereas
X4 HIV-1 significantly upregulated the production of the
CCR5-binding chemokines, MIP-1�, MIP-1�, and RANTES,
both in singly X4 HIV-1-infected tissues and in X4 HIV-1–
HHV-7 coinfected tissues (data not shown).

To investigate whether other cytokines not included in our

multiplex panel were changed as a result of HHV-7 infection,
we used a proteomics chip that semiquantitatively evaluates
120 cytokines. This assay did not reveal any change in cytokine
profiles in HHV-7-infected tissues relative to a matched in-
fected control (data not shown). Thus, HHV-7 infection does
not seem to change the cytokine profile significantly. Likewise,
HHV-7 coinfection of HIV-infected tissue failed to change the
cytokine profile relative to tissues infected with HIV-1 alone.

HHV-7 downregulates the expression of CD4 on T lympho-
cytes. To further investigate the molecular mechanisms of
HIV-1 interactions with HHV-7, we characterized cells tar-
geted by HHV-7 in lymphoid tissue (Fig. 4). In HHV-7-in-
fected tissues from 10 donors, the vast majority of viral anti-
gen-positive cells were CD3� (on average, 89.8% 
 2.0% at
day 12 postinfection). Among these cells 60.4% 
 3.7% ex-
pressed neither CD4 nor CD8, whereas 32.1% 
 3.9% were
CD4� CD8�, 3.8% 
 0.6% were CD4� CD8�, and 3.4% 

0.5% CD4� CD8� (Fig. 4). Thus, the majority of HHV-7-
infected cells were CD3� lymphocytes of the double-negative

FIG. 4. Phenotype of HHV-7-infected cells in human lymphoid tissues. Tissue blocks (27 blocks for each condition from each donor) were
inoculated with HHV-7 and cultured for 12 days. Cells isolated from these blocks and from matched uninfected blocks were stained for lymphocytic
markers and analyzed with flow cytometry. (A) Distribution of CD4 and CD8 in uninfected tissues and in matched HHV-7-infected tissue. Bars:
�, T cells in uninfected tissue; ■ , uninfected T cells in HHV-7-infected tissue; z, HHV-7-infected T cells in infected tissue. Each bar represents
the mean 
 the SEM for tissues from nine donors. Asterisks denote significant differences: *, P � 10�2; and **, P � 10�3. (B) Bivariate density
plot of T (CD3�) cells isolated from HHV-7-infected tissue on day 12 postinfection and stained for lymphocytic markers. Panels: left, distribution
of T cells in uninfected tissue; middle, distribution of T cells in HHV-7-infected tissues; right, distribution of HHV-7-infected T cells (red dots)
among T cells (gray) in HHV-7-infected tissues. A typical example of experiments with tissues from 10 donors is presented.
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FIG. 5. CD4 expression in T lymphocytes isolated from HHV-7-in-
fected human lymphoid tissues. Cells from matched sets of uninfected or
HHV-7-infected tissue blocks (27 blocks for each experimental condition
from each donor) were stained for lymphocytic markers and for HHV-7
pp85 and then analyzed by flow cytometry. (A) Distribution of HHV-7�

CD3� CD8� and HHV-7� CD3� CD8� cells isolated from uninfected
tissues (left panel) and matched HHV-7-infected tissues (right panel)
according to their CD4 fluorescence intensity. A typical bivariate dot plot
for tissues from 11 donors is shown. (B) Distribution of CD4 fluorescence
intensity in HHV-7� (red histogram) and HHV-7� (green histogram)
cells from HHV-7-infected tissue blocks and in cells from matched unin-
fected control tissue (blue histogram). Presented are data for the same
tissue as in panel A. A typical distribution for tissues from 11 donors is
shown. (C) Cumulative frequency distribution of CD4 fluorescence inten-
sities. The percentage of infected tissue HHV-7� (red) and HHV-7�

(green) cells with the CD4 fluorescence below the median fluorescence of
a matched uninfected control (blue) are indicated. Presented are data for
the same tissue as in panels A and B. Typical for data from 11 donors are
shown. (D) Downregulation of CD4 in HHV-7-infected and HHV-7-unin-
fected CD8� T cells isolated from HHV-7-infected tissues and matched
uninfected controls. Downregulation of CD4 was defined as the difference
(percent) between the ratio of the numbers of cells with the CD4 fluorescence
higher and lower than the median fluorescence for uninfected control tissue
(by definition equals one) and a similar ratio for matched infected tissues.
That is, DCD4 � (Flh

ctrl/Fll
ctrl � Flh

inf/Fll
inf) � 100 � (1 � Flh

inf/Fll
inf) � 100,

where DCD4 is the downregulation of CD4 on the cell surface, Fll
inf and Flh

inf

are the numbers of cells in infected tissues, with fluorescence lower and
higher (respectively) than the median in an uninfected control, and Flh

ctrl and
Fll

ctrl are similar parameters for a matched uninfected control. By definition,
the median the ratio of Flh

cntrl/Fll
cntrl is equal to 1. Presented are means 


the SEM for tissues from 11 donors.
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(CD4� CD8�) phenotype which in uninfected tissue accounts
for only 10.9% 
 1.4% of the CD3� cell population since most
CD3� cells are either CD4� (72.0% 
 2.3%, n � 9) or CD8�

(12.4% 
 1.4%, n � 9).
To investigate whether HHV-7-producing cells expressed

CD4 at an earlier time point of infection, in one experiment we
immunophenotyped HHV-7-infected cells both at day 6 and at
day 12 postinfection. At day 6 postinfection 58.1% of HHV-
7-infected T lymphocytes expressed CD4, whereas CD4�

CD8� T lymphocytes constituted less than 41.9%. At day 12
the amount of CD4� T cells in HHV-7-infected fraction
dropped to 18.9%, while the amount of CD4� CD8� cells in
this fraction increased to 81.1%. Thus, it seems that, in agree-
ment with the data for isolated peripheral blood mononuclear
cells (19), CD4� T cells are the predominant target cells for
HHV-7 infection in lymphoid tissue, but HHV-7 dramatically
downregulates CD4 in the course of the infection. To confirm
this hypothesis, we compared CD4 expression on CD3� CD4�

pp85� cells in infected tissues with that on CD4� T cells in
matched uninfected controls by measuring the distribution of
the fluorescence intensity for CD4 (Fig. 5A and B). On aver-
age, on CD4�pp85� T cells the median fluorescence intensity
was reduced by 40.3% 
 7.1% compared to that of CD4� T
cells in matched control (P � 9 � 10�4, n � 11). To evaluate
the overall decrease in CD4 expression on HHV-7-infected T
cells, we gated on CD8� T cells since this subset comprises T
cells with different levels of CD4 expression. On HHV-7-in-
fected cells of this phenotype (CD3� CD8� pp85�) the ex-
pression of CD4 was reduced by 86.3% 
 3.3% (P � 10�10,
n � 10) compared to CD3� CD8� cells in a matched unin-
fected control (Fig. 5B and C).

Strikingly, HHV-7 infection decreased CD4 expression also
on the surface of uninfected bystander T cells (Fig. 4A and Fig.
5C and D). We observed, on average, a reduction of CD4
expression on CD3� CD8� pp85� cells by 58.2% 
 5% rela-
tive to matched uninfected control tissue (P � 4 � 10�7, n �
10). Overall, the expression of CD4 in both HHV-7-infected
and in bystander T cells considered together was decreased by
65.9% 
 4.8% (P � 8 � 10�8, n � 11) (Fig. 5D). Furthermore,
there was a significant correlation between the number of
HHV-7-infected cells and the degree of CD4 downregulation
in both infected (pp85�) T cells (R � 0.64, P � 3 � 10�2, n �
11) and uninfected (pp85�) bystander T cells (R � 0.78, P �
4 � 10�3, n � 11).

In addition to downregulating CD4, HHV-7 also exerts cy-
topathic effects during productive infection. We did not ob-
serve a cytopathic effect of HHV-7 on CD8� T cells since there
was no significant difference in the numbers of CD8� T cells
between HHV-7-infected and matched uninfected tissues (the
mean difference between the two sets of tissues was 1.0% 

0.6% [n � 3]). To assess the cytopathic effect of HHV-7 on
CD4� T cells and to evaluate the relative contributions of
HHV-7-induced CD4 downregulation and cell death to the
decrease in the number of CD4� T cells in infected lymphoid
tissue, we enumerated CD3� CD4� and CD3� CD8� cells in
HHV-7-infected tissues and in matched control tissues. Since
almost all CD3� cells in uninfected tissues are either CD4� or
CD8�, we assumed that the death of a CD3� CD4� cell in
HHV-7-infected tissues should be reflected by the loss of a
CD3� CD8� cell. Conversely, if a CD3� CD4� cell ceased to

express CD4 it would still be counted in our analysis as a CD3�

CD8� cell. Enumeration of the CD3� CD4� and CD3� CD8�

cells revealed a significant difference between the decrease in
the number of cells in these two subsets (41.9% 
 7.5% versus
21.2% 
 5.7%, P � 8 � 10�5, n � 10). Thus, overall, HHV-7
infection resulted in the death of ca. 21% of CD4� T cells,
complete downregulation of CD4 in another 20% of the CD4�

T cells, and partial downregulation in the rest of the CD4� T
cells.

A similar pattern of CD4 downregulation was observed in
tissues coinfected with HHV-7 and R5 HIV-1: complete down-
regulation of CD4 in 29.2% 
 12% of the CD4� T cells and
downregulation of CD4 expression on the rest of CD4� T cells
by 49.7% 
 10.2% (P � 4 � 10�2, n � 6). In contrast,
compared to single HIV-1 infection, CD4 expression on X4
HIV-coinfected tissues was completely downregulated on only
5.5% 
 5.7% of the CD4� T cells and downregulated by
17.1% 
 6.1% on the rest of the CD4� T cells (n � 7, P � 4 �
10�2).

Further analysis of T-cell subsets revealed neither a prefer-
ential loss of CCR5� or CXCR4� T cells nor a downregulation
of CCR5, whereas CXCR4 was slightly downregulated in
HHV-7-infected tissues (data not shown).

Finally, we determined the naive (CD45RA� CD62L�) and
non-naive (CD45RA� CD62L�, CD45RA� CD62L�, and
CD45RA� CD62L�) status of HHV-7-infected cells. HHV-7
demonstrated a strong preference for infection of non-naive
over naive T cells, whereas in control tissues the ratio between
non-naive and naive T cells was, on average, 3.7 
 1.4 (n � 3);
in infected tissues among HHV-7-infected cells this ratio was
14.0 
 6.9 (n � 3). After correction for the relative abundance
of naive versus non-naive T cells in matched uninfected control
tissues the incidence of HHV-7 infection among non-naive T
cells was calculated to be 0.1 
 0.05 (n � 3), whereas in naive
cells it was 0.03 
 0.02 (n � 3). Thus, the probability of a
non-naive T-cell becoming productively infected by HHV-7 in
the context of human lymphoid tissue was 	3-fold higher than
that of a naive T cell.

Downregulation of CD4 is sufficient to suppress HIV-1 rep-
lication. To test whether the inhibition of R5 HIV-1 replica-
tion by HHV-7 can be ascribed to the downregulation of CD4,
we mimicked the effects of HHV-7 by inducing CD4 down-
regulation by nonvirologic means. We used the synthetic mac-
rocycle CADA, which specifically downregulates CD4 surface
expression by interfering with the posttranslational processing
of CD4 (22). After culturing the lymphoid tissue for 12 days in
the presence of CADA, we observed a dose-dependent down-
regulation of CD4 with a 50% effective concentration of 1 �M.
At high a concentration (8 �M) CD4 was almost completely
downregulated (by 98.4% compared to the matched untreated
control). In HHV-7-infected tissues, CADA at this concentra-
tion almost completely prevented HHV-7 infection: the num-
ber of HHV-7� T cells at day 12 postinfection decreased from
19.0% to 0.6%. Treatment with CADA at 1 and 2 �M better
mimicked the impact of HHV-7 on the expression of CD4,
reducing its expression by 53.1% 
 4.3% and 85.7% 
 1.3%,
respectively, compared to that in matched untreated controls
(n � 3) (Fig. 6A).

Based on these results, we evaluated the effect of CADA at
1 or 2 �M on the replication of X4 and R5 HIV-1. At con-
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centrations of 1 and 2 �M, CADA suppressed the replication
of HIV-1SF162 by 69.0% 
 1.8% (n � 2) and 73.7% 
 2.4%
(n � 2), respectively, relative to that in matched untreated
controls (Fig. 6B). CADA was also efficient, although to a
lesser extent, in suppressing the replication of X4LAI.04: repli-
cation was decreased by 37.3% 
 13.4% (n � 2) and 48.2% 

0.3% (n � 2) for 1 and 2 �M concentrations of CADA, re-
spectively, compared to the untreated control. Thus, the down-
regulation of CD4 expression in human lymphoid tissue by
pharmacological methods resulted in suppression of HIV-1
replication similar to that caused by HHV-7.

DISCUSSION

HHV-7 and HHV-6 are two closely related human herpes-
viruses with a high degree of genetic homology. Both viruses
were isolated from cultured human T lymphocytes and effi-
ciently replicate in CD4� T lymphocytes in vitro (7, 20). As
shown here for HHV-7 and earlier for HHV-6 (12), both
viruses suppress the replication of R5 HIV-1 in coinfected
human lymphoid tissues, without significant effects on X4
HIV-1. In spite of striking similarities in the pattern of HHV-6-
and HHV-7-mediated modulation of HIV-1 infection, we
found that the molecular mechanisms of HIV-1 suppression
caused by these two closely related herpesviruses are dramat-
ically different. Whereas HHV-6 suppression of R5 HIV-1 is
mediated primarily by the upregulation of RANTES (12),
HHV-7 suppresses R5 HIV-1 by downregulation of the major
HIV receptor, CD4.

To study the effects of HHV-7 on HIV-1 in coinfected tis-
sues, we first investigated whether human lymphoid tissue can
support productive AL HHV-7 infection ex vivo. We consider
this virus a typical HHV-7 since no significant strain variation
in terms of cellular tropism or other biological features has
been noticed thus far both in our laboratory and in the liter-
ature. We found that blocks of human lymphoid tissue inocu-
lated with HHV-7 become productively infected without exog-
enous activation. This was evidenced by a steep increase in the
release of HHV-7 DNA into the culture medium bathing the
inoculated tissue, as measured by real-time PCR, and by an
increase in the number of HHV-7 antigen-positive lympho-
cytes, as estimated by flow cytometry. In 12 days of infection an
inoculated tissue block produced on average more than 50
million copies of HHV-7 DNA.

Flow cytometry revealed that almost all of the infected cells
were T lymphocytes. At the end of the experiment 20% of
these lymphocytes, mostly of non-naive (central and effector
memory) phenotype, were HHV-7 infected. Only a few of
these infected cells expressed CD8. This is in agreement with
HHV-7 usage of CD4 as its major cellular receptor (19). Also,
the critical role of CD4 in HHV-7 infection was evident in
experiments with CADA, a synthetic macrocycle that specifi-
cally downregulates CD4 in a dose-dependent manner by in-
terfering with the CD4 translation machinery (22). A high dose
of CADA almost completely suppressed CD4 expression on
tissue T cells, and this downregulation was accompanied by a
dramatic resistance to HHV-7 infection.

In spite of the known CD4� T-cell tropism of HHV-7 (19),
most HHV-7-infected tissue T lymphocytes expressed neither
CD4 nor CD8. Did these cells express CD4 and modulate its

FIG. 6. CD4 expression and HIV replication in CADA-treated hu-
man lymphoid tissues. Matched sets of tissue (27 blocks for each
experimental condition from each of two donors) were incubated with
CADA (1 or 2 �M) for 12 days or used as untreated controls. Some of
these sets were infected with R5SF162 and X4LAI.04. (A) Cumulative
frequency distribution of CD4 fluorescence intensities in T cells iso-
lated from untreated (blue histogram) tissues and from tissues incu-
bated with CADA at 1 �M (green histogram) and 2 �M (red histo-
gram). The percentages of T cells with the CD4 fluorescence below the
median fluorescence of matched uninfected control (blue) are indi-
cated. The distributions for the tissues from three donors were similar,
and only one is presented here. (B) Relative replication of R5SF162 and
X4LAI.04 in tissues incubated with 1 or 2 �M CADA expressed as a
percentage of p24 production in matched untreated tissues infected
with HIV-1. Shown are means 
 the SEM of the cumulative produc-
tion of HIV over 12 days of infection.
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expression as a result of HHV-7 infection? To address this
question, we enumerated lymphocytes in different subsets and
found that, whereas the number of CD4� T cells dropped by
more than 40% in the course of HHV-7 infection, only half of
this drop could be accounted by cell death. Thus, HHV-7
infection almost completely abolished CD4 expression in 20%
of T lymphocytes, mostly in those that were productively in-
fected. The complete loss of CD4 expression on infected T
lymphocytes was directly demonstrated by the measurement of
CD4 fluorescence intensity on these cells. The drop in CD4
expression gradually developed over the course of HHV-7
infection and was more evident at day 12 than at day 6 postin-
fection. Moreover, measurement of the CD4 fluorescence
showed that in HHV-7-infected T cells, which still expressed
CD4, the level of expression was significantly diminished. In
addition to HHV-7� T cells, HHV-7� T cells also showed a
significant downregulation of CD4. The latter may be either
affected by their productively infected neighbors (e.g., through
the secretion of soluble factors) or by HHV-7 virions binding
to the CD4 molecule without causing infection. Whichever the
mechanism of CD4 downregulation in both productively in-
fected and bystander cells, HHV-7-infected tissues are dramat-
ically depleted of CD4� T cells, and those that are left express
CD4 at much lower levels than in uninfected tissue.

In summary, we identified three mechanisms whereby
HHV-7 infection resulted in a generalized decrease in the
number of potential HIV targets, reducing the susceptibility of
these tissues to HIV-l infection: mild depletion of CD4� T
cells, severe downregulation of CD4 on the surface of produc-
tively infected T cells, and downregulation of CD4 on unin-
fected cells. These effects should decrease the replication of
both R5 and X4 HIV-1. However, only R5 HIV-1 replication
was affected in our experiments, suggesting that different
mechanisms operate in HHV-7–R5 HIV-1- and HHV-7–X4
HIV-1-coinfected tissues. Therefore, these two cases of coin-
fection will be discussed separately below.

In the case of HHV-7–R5 HIV-coinfected tissues, HHV-7
replication was not affected, whereas that of R5 HIV-1 was
dramatically suppressed. The severity of this suppression tem-
porally correlated with HHV-7 replication. Does HHV-7-in-
duced downregulation of CD4 contribute to the observed sup-
pression of R5 HIV-1?

To address this question, we mimicked the effects of HHV-7
by downregulating CD4 in an HHV-7-independent way. We
chose the concentration of CADA that downregulates CD4 in
tissue lymphocytes to approximately the same extent as
HHV-7 infection. We inoculated CADA-treated tissue blocks
with R5 HIV-1 and observed suppression of HIV replication
comparable to that in HHV-7-coinfected tissues. In conclu-
sion, downregulation of CD4 by HHV-7 alone seems to be
sufficient to account for R5 HIV-1 suppression in human lym-
phoid tissues coinfected with both viruses.

Additional mechanisms may contribute to R5 HIV-1 sup-
pression by HHV-7 as well. A similar suppression of R5 HIV-1
variant in coinfected tissues was earlier reported for HHV-6
(12), measles virus (11), and GB virus C (24), and in all of these
cases it was explained by the upregulation of CCR5-binding
chemokines. In contrast, in the case of HHV-7, the production
of none of these chemokines nor of 16 additional cytokines
except IL-16 was altered either in singly infected tissues or in

tissues coinfected with HIV-1 compared to singly infected tis-
sues. The production of IL-16 was decreased between days 6
and 9 when HHV-7 replication expanded rapidly. This de-
crease may be related to the downregulation of CD4 since
IL-16 is a ligand for this receptor.

However, since we did not monitor cytokines continuously
but measured them in samples collected every 3 days, it is
conceivable that some transient changes in cytokine release
may occur within the 3-day intervals. Thus, it seems that the
mechanism by which HHV-7 suppresses R5 HIV-1 replication
is different from that enacted by other microbes.

Although HHV-7-mediated downregulation of CD4 expres-
sion in both HHV-7-infected and bystander cells emerged as
the major mechanism of R5 HIV-1 suppression in coinfected
tissue, coinfection with HHV-7 and X4 HIV-1 presents a very
different scenario. In contrast to R5 HIV-1–HHV-7 coin-
fection, in tissues inoculated with HHV-7 and X4 HIV-1 it
was the replication of HHV-7 that was severely suppressed,
whereas the replication of HIV-1 was lower but not statistically
different from that in singly HIV-infected tissue. Since in X4
HIV–HHV-7-coinfected tissue the replication of HHV-7, al-
though reduced, was not inhibited completely, this suppression
of X4 HIV-1 may be attributed to the residual HHV-7 repli-
cation in these tissues. In agreement with this, when X4 HIV-1
was inoculated after HHV-7 infection was already established,
X4 HIV-1 replication was suppressed more and HHV-7 was
suppressed less than in matched tissue infected with both vi-
ruses simultaneously. This finding supports our hypothesis re-
garding the HHV-7 replication that triggers CD4 downregula-
tion as the major factor for HIV-1 suppression.

Moreover, the downregulation of CD4 may have less impact
on X4 than on R5 HIV-1 since X4 HIV-1 was also less sensitive
to CADA-triggered downregulation of CD4 than R5 HIV-1.
The mechanisms for the apparently different requirement for
CD4 for X4 and R5 HIV-1 are currently unknown and are
beyond the scope of the present study.

Thus, whereas the inhibition of both R5 and X4 HIV-1 by
replicating HHV-7 seems to be mediated by CD4 downregu-
lation, the mechanisms of HHV-7 suppression in X4 HIV-1-
coinfected tissues are not yet understood. We speculate that
the difference in the effects of X4 and R5 HIV-1 on HHV-7 is
due to the different target cell specificities for HIV-1 of these
phenotypes. As we have demonstrated, HHV-7 predominantly
infects non-naive CD4� T cells. These are the cells that express
the highest levels of CCR5 (10) and thus are the predominant
natural targets for R5 HIV-1 infection. Thus, HHV-7 and R5
HIV-1 largely have the same pool of target cells on which they
share the same receptor, and HHV-7 outcompetes R5 HIV-1
in infecting this pool. In contrast, X4 HIV-1 has a broader pool
of target cells, which includes both non-naive T cells and naive
resting T cells (14). Therefore, in the case of X4 HIV-1 coin-
fection, there is a target pool of non-naive CD4� T cells that
both viruses share and a large pool of naive CD4� T cells that
X4 HIV-1 can infect without competing with HHV-7. The
latter pool may produce X4 HIV-1 virions without the inter-
fering effect of HHV-7, which in turn would outcompete
HHV-7 in the infection of non-naive CD4� T cells. Further-
more, X4 HIV-1 infection depletes up to 90% of CD4� T cells
in this system, in particular of the non-naive phenotype (14),
thus depleting almost all of the potential HHV-7 target cells
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and therefore progressively suppressing HHV-7 infection. This
mechanism is in agreement with the recent observation that
the HHV-7 load in HIV-coinfected individuals correlates with
the CD4� T-cell count (3).

In summary, ex vivo coinfection of human lymphoid tissues
with HHV-7 and either R5 or X4 HIV-1 results in different
outcomes. The former results in an almost complete suppres-
sion of R5 HIV-1, whereas HHV-7 replication is not affected;
the latter results in a severe suppression of HHV-7, whereas
the replication of X4 HIV-1 was suppressed slightly.

The model system described here is the first that permits the
study of HHV-7-induced pathogenesis in the context of human
lymphoid tissue under controlled experimental conditions and
the comparison with tissue pathogenesis of other lymphotropic
viruses. In particular, this system emphasized the striking dif-
ference in the pathogenesis of HHV-7 and the closely related
HHV-6. HHV-7 has a strong CD4 tropism restricting its target
cells to CD4� T cells, whereas HHV-6 uses CD46 and infects
a broader pool of T and non-T cells, regardless of CD4 ex-
pression (15). Both viruses infect predominantly non-naive tis-
sue T cells and on these cells downregulate surface molecules
essential for T-cell activation: HHV-7 downregulates CD4,
whereas HHV-6 downregulates CD3 (15). This may be part of
a Roseolovirus strategy to interfere with the T-cell activation
and to preserve the herpesvirus-infected cells in a quiescent
state favoring long-term persistent infection and/or viral rep-
lication.

The molecular mechanism of HIV-1 suppression by HHV-7
described here is novel and different from the earlier reported
mechanisms of interactions of other microbes with HIV, all of
which were mediated by the upregulation of chemokines. The
model for studying the interactions of these viruses in the
context of human lymphoid tissue provides an opportunity to
investigate mechanisms of this interference under physiologi-
cally relevant conditions. The results in ex vivo tissues suggest
that HHV-7 may interfere with HIV-1 in lymphoid tissue in
vivo, thus affecting disease progression, in particular facilitat-
ing a switch of dominance from R5 to X4 HIV-1, which in turn
may affect HHV-7 replication. Knowledge of the mechanisms
of the interactions of HIV-1 with HHV-7, as well as with other
pathogens that modulate HIV-1 replication, may provide new
insights into HIV pathogenesis and lead to the development of
new anti-HIV therapeutic strategies.
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